Farmers continue to show wide differences in irrigation water use, even for a given 7 location and crop. Irrigation advisory services have narrowed the gap between 8 scientific knowledge and on-farm scheduling, but their success seems to have been 9 limited. Sprinkler irrigation performance is greatly affected by meteors such as wind 10 speed, whose short-time variability requires tactical adjustments of the irrigation 11 schedule. Mounting energy costs often require consideration of inter-and intraday 12 tariff evolution. Opportunities have arisen which permit to address these challenges 13 through irrigation controllers guided by irrigation and crop simulation models. Remote 14 control systems are often installed in collective pressurized irrigation networks. 
speed, whose short-time variability requires tactical adjustments of the irrigation 11 schedule. Mounting energy costs often require consideration of inter-and intraday 12 tariff evolution. Opportunities have arisen which permit to address these challenges 13 through irrigation controllers guided by irrigation and crop simulation models. Remote 14 control systems are often installed in collective pressurized irrigation networks. occupies 16% of the total arable land (Alexandratos and Bruinsma, 2012) . By the 34 beginning of the 21 st century, pressurized irrigation systems only accounted for 12% of 35 the total irrigated area (FAO, 1998 (FAO, -2002 . About 60% of the world irrigated area 36 should be modernized in order to match the future world demand for food and biofuel 37 production (Alexandratos and Bruinsma, 2012) . Additionally, the effective irrigated 38 area should be extended by 15% for the same aim. These changes will mainly take 39 place in developing countries. Pressurized irrigation systems are commonly adopted 40 for modernization purposes and new irrigated areas Water availability will be a major constraint to balance supply and demand for 50 agricultural products in the coming decades. Moreover, oil energy prices and electricity 51 prices are predicted to increase by about 25% and 15%, respectively, in 2035 (IEA, 52 2012), raising the irrigation costs for pressurized systems requiring pumping stations. 53
These perspectives encourage farmers to invest in water-efficient technologies aiming 54 at maximizing economic return from their investments in irrigation systems. 55 At the on-farm level, water use remains unsatisfactory. Salvador et al. (2011) analyzed 56 seasonal irrigation water application patterns in 1,627 plots located in large irrigation 57 projects of the Ebro valley of north eastern Spain. Irrigation adequacy was assessed 58 using the ARIS (Annual Relative Irrigation Supply) indicator proposed by Malano and 59 6 dependence. Drip irrigation applies water directly to the soil surface (or to the interior 157 of the soil), and is therefore unaffected by the usual range of meteorological 158 conditions. Centre pivots and moving laterals are much less affected by meteorology 159 than solid-sets. Regarding WDEL, in the average conditions of Zaragoza, Spain, the 160 experimental work reported by Playán et al. (2005) permits to estimate that average 161 day time and night time solid-set losses amount to 15 and 5%, respectively. For 162 irrigation machines, losses amount to 9 and 3% for day and night conditions, 163 respectively. Differences in drop size distribution and drop trajectories are responsible 164 for these differences in WDEL. Regarding the wind effect on uniformity, solid-sets are 165 also in worse conditions, since sprinkler overlapping is much more intense in irrigation 166 machines. As a consequence, avoiding periods of unfavorable meteorological 167 conditions is a clear target for solid-set irrigation controllers. 168
The most advanced commercial controllers applied to solid-sets show some progress 169 towards this objective. A local wind sensor can detain the execution of an irrigation 170 schedule if the wind speed surpasses a given threshold. This is an interesting but 171 somehow risky procedure: in some cases irrigation needs to proceed despite the 172 unfavorable meteorology in order to protect crop yield. Irrigating under low 173 uniformity and high WDEL requires consideration of the resulting low application 174 efficiency. More water needs to be applied under these conditions. The integration of 175 all these issues remains a challenge, particularly in windy areas. In the difficult 176 meteorology of the central Ebro basin, Faci and Bercero (1991) recommended to stop 177 solid-set irrigation for winds exceeding 2 m s -1 . It is not rare to find meteorological 178 stations in the area with long-term yearly wind speed averages exceeding this 179
threshold. 180
In an attempt to respond to these challenges, Zapata et al. 
Time slack on network and on-farm design 307
On-farm sprinkler irrigation systems and collective networks are commonly designed 308
to apply water at a faster rate than irrigation requirements. This results in a certain 309 time slack in irrigation scheduling. Depending on the fraction of time slack, the 310 irrigation timing can be negotiated with the WUA or selected on pure demand 311 (Clemmens, 1987) . Time slack at the on-farm system and at the water inlet is required 312 to optimize irrigation performance. Sprinkler irrigation farmers can select the irrigation 313 periods leading to optimum efficiently while timely satisfying crop water requirements. office. An arranged-demand scheme is applied to manually elaborate daily/weekly 338 schedules for WUA plots which are automatically executed using the TM/RC system. 339
The virtual elimination of irrigation labor requirements is locally perceived as one of 340 the most important outcomes of the modernization process. calibrated. In addition, new sprinklers reach the market virtually every year, specializing 551 on issues such as low operating pressure. The situation is even more complicated for 552 crop models. While simple models -such as CropWat -can be readily used in a 553 variety of conditions, complex models do not only require more intense input data 554 collection, but also local calibration (Dechmi et al., 2010) . 555
Research efforts have been discussed in this article for different types of pressurized 556 systems. Advanced control of large irrigated areas will require a software integration 557 of all efforts. Such combinations will lead to new benchmarks in productivity and 558 sustainability, but the required software integration effort will be relevant. Simulation 559 models and wireless sensors will populate these future developments adapting to a 560 variety of irrigation systems, crops and productive orientations. The concept of solid-sets driven by simulation models is receiving interest on the part 608 of the end-users. However, this is a radical change respect to the current conditions. 609
Once the proof of concept phase has been surpassed, actions need to be taken to 610 demonstrate this approach in real-scale conditions. Public and private interests need to 611 be reconciled to set the proposed model in action. 612
Farmers and WUAs 613
The current socioeconomic farming context favors the implementation of advanced 614 irrigation controllers: adequate prices for agricultural commodities, high labor and 615 water costs, increasing energy prices and a growing environmental liability. 
